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Introduction
Burns contribute considerably to the global burden of injury among children (Scheven, Barker & 
Govindasamy 2012; WHO, media centre, fact sheet). Burns account for a quarter of a million 
deaths annually with the majority occurring in low- and middle-income countries (WHO 
2010/2011). In Africa, burn injuries are the leading cause of accidental death in children (Scheven 
et al. 2012; WHO, media centre, fact sheet). Annually, about 1000 children with burns are treated 
at the largest children’s hospital in Africa (Van Niekerk et al. 2004). These burns were most 
commonly caused by exposure to boiling water, other hot liquids and flames, especially in the 
informal settlements where there is an increased usage of indoor fires and paraffin stoves 
(Van Niekerk et al. 2004).
Young children are at an increased risk of burns because of their curiosity to explore the 
environment in an immature manner (Van Niekerk, Rode & Laflamme 2004). Boys reportedly 
suffer from burns because of higher energy levels and mischievous behaviour (Van Niekerk et al. 
2004). Burns in older girls are common because of their domestic roles in the household (WHO 
2008). In children, head, neck and upper-body burns are most common (Van Niekerk et al. 2004). 
These impairments can markedly reduce their growth and function (Weedon & Potterton 2011).
Children and adolescents affected by burns often live with life-long social, educational, physical 
and psychological consequences (Rivlin & Faragher 2007; Weedon & Potterton 2011). They are 
vulnerable because of their maturing physical and psychosocial development (Russell et al. 2013; 
Stubbs et al. 2011; Toon et al. 2011). Because of the immense impact of burns injuries on their 
development, effective management strategies are crucial (Arceneaux & Meyer 2009).
Management of burns typically consists of medical treatment and physiotherapy and occupational 
therapy. The medical management consists of continuous debridement and excision of the necrotic 
tissue through surgical approaches, which also include full- and split-skin grafts for deep, partial, 
and full-thickness burns (Darwish 2011). Surgery encourages the healing process and optimal wound 
Purpose: Children and adolescents with burn injuries are at risk of living with social, 
educational, physical and psychological impairments. The systematic review aimed to 
ascertain the effectiveness of resistance strength training on muscle strength and lean body 
mass (LBM) in children and adolescents with burn injuries.
Method: Five databases were searched. Randomised controlled trials with an intervention 
defined as a supervised, individualised resistance exercise programme were sought. The 
outcomes included muscle strength and/or LBM. The PEDro scale was used to describe the 
methodological quality. Comparable data were combined using RevMan©.
Results: Seven papers were included in the review with an average methodological 
appraisal score of 5.7/11. Comparable data were combined for muscle strength and LBM. 
The meta-analysis revealed no significant clinical difference between the exercise and 
standard care groups after 3 months of strength training for both muscle strength (p = 0.43) 
and LBM (p = 0.60).
Conclusions: There is no conclusive evidence to support the benefit of strength training for 
children and adolescents with burns injuries in terms of muscle strength and LBM. However, 
it appears that isokinetic training might benefit children and adolescents with burns, but more 
studies investigating the effect of isokinetic training are required.
Effectiveness of resistance strength training in children 
and adolescents with ≥30% total body surface area: 
A systematic review
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appearance and functionality. Physiotherapy management 
includes respiratory management, oedema control, stretching 
and strengthening exercises as well as splints to maintain the 
achieved range of movement (ROM) and for contracture 
prevention (Simons, King & Edgar 2003). Scar management 
includes compression and massaging techniques for 
the optimal formation of a functional scar. Aerobic exercise is 
an important element of physiotherapy management to 
improve exercise tolerance and cardiovascular endurance 
(Disseldorp et al. 2011). Physiotherapy is applied in various 
phases of burn rehabilitation because of the extensive 
physiological complications.
The inflammatory response after a burn injury triggers a 
hypermetabolic reaction. This is characterised by a 
hyperdynamic reaction with increased body temperature, 
oxygen and glucose consumption, CO2 production, 
glycogenolysis, proteolysis, lipolysis and futile substrate 
cycling (Jeschke et al. 2008). This hypermetabolic response 
continues up to 24 months post-burn, causing loss of lean 
body mass (LBM), bone density and muscle weakness 
(Atiyeh, Gunn & Dibo 2008; Esselman et al. 2006). Considering 
these cascade of events and the effect on muscle strength, it 
seems worthwhile for physiotherapists to consider resistance 
exercises as a strengthening modality for children and 
adolescents with burns.
The primary aim of resistance exercises is to improve muscle 
strength. Training close to the muscle’s force-generating 
capacity increases muscle tension, which initiates skeletal 
muscle growth, therefore affecting LBM (Grisbrook et al. 
2013). Resistance training causes an acceleration of protein 
synthesis on cellular level by predominantly increasing the 
amount of contractile proteins, thus leading to muscle 
hypertrophy, which improves muscle size and force output 
(Grisbrook et al. 2013; Phillips et al. 1999).
Disseldorp et al. (2011) conducted a review to assess the effect 
of progressive resistance exercise (PRE) training on physical 
fitness of burn patients of all ages. The findings were 
synthesised descriptively, and they proposed that exercise 
training improves muscular strength, muscular and cardio-
respiratory endurance, body composition and flexibility in 
children and adolescents. However, a meta-analysis was not 
conducted and sample sizes were small and not justified. 
Therefore, it remains unclear whether there is high level 
evidence to recommend PRE to clinicians. In addition, since 
the review by Disseldorp et al. (2011), more studies have been 
published.
The aim of this systematic review was to ascertain the 
effectiveness of the combination of an individualised, 
supervised strengthening programme (resistance exercises) 
with standard care to standard care alone, on muscle strength 
and LBM in children and adolescents with burn injuries 
>30% total body surface area (TBSA). The cut off of >30% 
TBSA was chosen as Baker et al. (2007) reported that an 
important long-term consequence of paediatric burns >30% 
TBSA was general muscle weakness affecting the function of 
young adults and the authors stressed that more emphasis 
should be placed on strengthening during the rehabilitation 
phase. Using meta-analytical analyses to increase statistical 
power of the treatment effect, clinical recommendations can 
then be based on the current evidence base.
Methodology
Search strategy
Five databases (CINAHL, Cochrane Library, PubMed, 
ScienceDirect and Scopus) were searched from inception to 
September 2015. The search was performed independently 
by two research groups (H.B., E.C., C.A.G., C.L. and 
Y.B., Q.L.), using the following key search terms: exercise, 
lean body mass, muscle strength, burns, thermal injuries, 
children and adolescents. The two research groups 
independently screened the titles and abstracts, thereafter 
potential full text papers were obtained and evaluated 
according to the inclusion and exclusion criteria.
Inclusion criteria
Randomised controlled trials, published in English and 
available in full text, were included. There was no limitation in 
the range of publication date, and papers published up until 
September 2015 were included. Both male and female children 
and adolescents (6–18 years) with greater than 30% TBSA were 
the participants in the trials. The intervention was defined as a 
supervised, individualised (patient specific) resistance exercise 
programme of the upper and/or lower limbs in combination 
with standard care, which commenced within 1 year of the 
injury and continued for at least 12 weeks. The control group 
only received standard care consisting of burn wound 
medication, physiotherapy, wound care, psychological care, 
nutritional care and occupational therapy. The eligible papers 
must have reported on both muscle strength and/or LBM 
post-intervention. Muscle strength could be measured using a 
dynamometer; the 3 repetition maximum (3RM) technique or 
any other valid objective instrument. LBM could be measured 
with dual-energy X-ray absorptiometry (DEXA) or any other 
valid objective instrument.
Exclusion criteria
Papers including participants with (1) leg amputation, 
(2) psychological disorders, (3) quadriplegia, (4) severe 
cognitive disorders, (5) developmental delay before 
hospitalisation, (6) neurological injury, (7) previously sustained 
significant hearing/vision loss and (8) post-burn injuries of 
more than 1 year were excluded from the review. The exclusion 
criteria include patients who would have been physically 
and/or mentally unable to complete the intervention 
programme over and above standard care procedures.
Methodological appraisal
The PEDro scale was used to describe the methodological 
quality of the eligible studies. The PEDro score is based on 
the Delphi list and scales 11 items (Table 1). Items are scored 
as either present (1) or absent (0), and a score out of 11 is 
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calculated by summation (De Morton 2009). Each paper was 
scored, and discrepancies were discussed in order to reach 
consensus. The scores from the PEDro scale are not indicative 
of the effectiveness or the clinical relevance of the studies 
(Verhagen et al. 1998).
Data extraction and analysis
The adapted Joanna Briggs Institute Data Extraction Form 
was used to extract data from the papers under the following 
subheadings: citation, study type, participants, interventions 
(treatment and control group), outcome measures, results 
and the clinical status post-intervention and clinical 
implication thereof (Godfrey & Harrison 2012). When 
additional data were required, the authors were contacted in 
order to complete the data extraction process.
The comparable, homogenous data within individual 
studies, such as patient populations, interventions and 
outcome measures, were combined using the RevMan© 
Review Manager Software (RevMan© 2014). This meta-
analysis allowed the interpretation of the effectiveness of 
the combination of a supervised strengthening exercise 
programme with standard care compared to standard care 
alone.
Results
Database search results
Seven eligible papers were included in the review (Al-
Mousawi et al. 2010; Cucuzzo, Ferrando & Herndon 2001; 
Ebid, El-Shamy & Draz 2014; Hardee et al. 2014; Przkora, 
Herndon & Suman 2007; Suman et al. 2001; Suman & Herndon 
2007) (Figure 1).
Methodological appraisal
The average methodological appraisal score was 5.7 out of 11. 
Two studies scored 4 (Hardee et al. 2014; Suman & Herndon 
2007), one study scored 5 (Suman et al. 2001), three studies 
scored 6 (Al-Mousawi et al. 2010; Cucuzzo et al. 2001; Przkora 
et al. 2007) and one study scored 9 (Ebid et al. 2014). None of 
the studies met the following two criteria on the PEDro scale: 
(5) blinding of subjects and (6) blinding of therapists (Table 1). 
Only two studies (Al-Mousawi et al. 2010; Ebid et al. 2014) 
provided point and variability measures in their published 
papers (Table 2). Furthermore, there was a difference in the 
mean values for muscle strength at baseline favouring the 
standard care group in three studies (Al-Mousawi et al. 2010; 
Suman et al. 2001; Suman & Herndon 2007). There was also a 
difference in the mean values for the baseline LBM 
assessments in two of the five studies, one favouring the 
exercise group and one the standard care group (Al-Mousawi 
et al. 2010; Suman & Herndon 2007).
Study samples
The seven eligible studies varied in sample size, ranging 
from 19 to 47 participants. The mean age was similar across 
studies ranging from 9.2 to 13.7 years (the SD was not 
reported in all studies), although both exercise and 
standard care groups favoured more male than female 
TABLE 1: The methodological quality scoring of the eligible studies according to the PEDro scale.
Variables Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11
Cucuzzo et al. 2001 √ √ x √ x x X √ √ √ x
Suman et al. 2001 √ √ x x x x X √ √ √ x
Przkora et al. 2007 √ √ x √ x x x √ √ √ x
Suman & Herndon 2007 √ √ x x x x x √ √ x x
Al-Mousawi et al. 2010 √ √ x x x x x √ √ √ √
Ebid et al. 2014 √ √ √ √ x x √ √ √ √ √
Hardee et al. 2014 x √ x x x x x √ √ √ x
√ = adherence to the criteria; x = non-adherence to the criteria.
Item 1: specified eligibility criteria; Item 2: random allocation; Item 3: concealed allocation; Item 4: similarity at baseline; Item 5: subject blinding; Item 6: therapist blinding; Item 7: assessor 
blinding; Item 8: >85% follow-up for at least one outcome; Item 9: intention-to-treat analysis; Item 10: between-group statistical comparison for at least one key outcome, and Item 11: end point 
and variability measures for at least one key outcome.
Source: Authors’ own work
FIGURE 1: Results of the search strategy.
Database Initial hits
Cochrane Library 438
CINAHL 164
PubMed 424
ScienceDirect 540
Scopus 184
Total 1750
Excluded 1694 titles and 44 abstracts
Excluded 5 full-text articles
Eligible arcles for review (N= 7)
TABLE 2: Means and SD of the baseline measurements for muscles strength and 
lean body mass in the exercise and standard care groups.
Variables Muscle strength Lean body mass
Exc SC Exc SC
Cucuzzo et al. 2001 5.8 (0.7) kg 5.6 (1.1) kg Not assessed Not assessed
Suman et al. 2001 26.1 (17.4) Nm 34.3 (27.6) Nm 29.0 (15.7) kg 29.2 (12.1) kg
Przkora et al. 2007 35.4 (40.4) Nm 35.8 (31.9) Nm 31.2 (18.1) kg 31.5 (12.9) kg
Suman & Herndon 2007 31.3 (20.9) Nm 47.1 (27.6) Nm 36.9 (18.3) kg 34.6 (12.3) kg
Al-Mousawi et al. 2010 41.2 (38.7) Nm 57.8 (37.7) Nm 33.00 (14.9) kg 35.7 (16.0) kg
Ebid et al. 2014 47.06 (0.99) Nm 47.23 (0.97) Nm Not assessed Not assessed
Hardee et al. 2014 Not assessed Not assessed 34.3 (NR) 34.8 (NR)
Exc = exercise group; SC = standard care group; NR = not reported.
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participants (Table 3). Six studies included participants 
with ≥ 40% TBSA, and one study by Ebid et al. (2014) 
included participants with ≥ 36% TBSA. All the studies 
except one (Ebid et al. 2014) were conducted at the same 
institution in the United States.
Study interventions
All seven interventions were hospital-based individualised 
and supervised exercise programmes (Table 4). Six of the 
interventions were similar and involved PRE (Al-Mousawi 
et al. 2010; Cucuzzo et al. 2001; Hardee et al. 2014; 
Przkora et al. 2007; Suman et al. 2001; Suman & Herndon 
2007). The intervention by Ebid et al. (2014) included 
isokinetic training. Five of the studies commenced with the 
intervention 6 months post-burn injury, whereas two 
studies (Ebid et al. 2014; Hardee et al. 2014) commenced 
after 1 month.
The interventions persisted for 12 weeks post-baseline 
assessment. The standard care, which was continued 
from hospital discharge and persisted for the duration of the 
intervention, included conventional physiotherapy 
and occupational therapy without individualisation or 
supervision of exercises. All standard care programmes were 
home-based except for Hardee et al. (2014), who implemented 
a hospital-based programme (Table 4).
Study outcome measures
The outcome measures of interest were muscle strength and 
LBM. All studies assessed knee extensor strength of the 
dominant leg, using the Biodex System-3 Dynamometer (Al-
Mousawi et al. 2010; Ebid et al. 2014; Hardee et al. 2014; Przkora 
et al. 2007; Suman & Herndon 2007), the Cybex Norm 
Dynamometer (Suman et al. 2001) or the 3RM (Cucuzzo et al. 
2001). Cucuzzo et al. (2001) also assessed biceps, triceps, forearm 
and hamstring strength. LBM was assessed in five studies using 
DEXA with the QDR 4500A densitometry system (Al-Mousawi 
et al. 2010; Hardee et al. 2014; Przkora et al. 2007; Suman et al. 
2001; Suman & Herndon 2007). Five studies performed baseline 
measurements at 6 months post-injury with post-intervention 
measurements at 9 months post-injury (12 weeks post-
intervention) (Al-Mousawi et al. 2010; Cucuzzo et al. 2001; 
Przkora et al. 2007; Suman et al. 2001; Suman & Herndon 2007).
Two studies performed baseline measurements at 1 month 
post-injury with post-intervention measurements at 4 months 
post-injury (12 weeks post-intervention) (Ebid et al. 2014; 
Hardee et al. 2014). However, Hardee et al. (2014) only 
measured LBM at baseline and not muscle strength. Suman & 
Herndon (2007) also assessed both LBM and muscle strength 
at 1 year post-injury, 3 months post-cessation of the 
intervention, whereas Hardee et al. (2014) assessed LBM at 
1 year post-injury, 8 months post-cessation of the intervention.
TABLE 3: The sample size and gender distribution of each study.
Variable Cucuzzo et al. 2001 Suman et al. 2001 Przkora et al. 2007 Suman & Hernson 2007 Al-Mousawi et al. 2010 Ebid et al. 2014 Hardee et al. 2014
Sample size
Exc 11 19 11 11 11 16 24
SC 10 16 17 8 10 17 23
Male:Female
Exc 8:3 16:3 13:4 9:2 9:2 10:6 20:4
SC 5:5 12:4 9:2 8:1 7:3 11:6 18:5
Age range for both groups (years) 5.9–19.9 7–17 7–17 7–18 7–17 10–15 N/R
Age (years)
Mean (SD)
Exc 11.9 (N/R) 10.5 (N/R) 10.9 (N/R) 11.9 (N/R) 12.2 (3.2) 13.46 (1.18) 13 (N/R)
SC 9.2 (N/R) 11.0 (N/R) 11.8 (N/R) 13.4 (N/R) 13.7 (3.6) 13.6 (1.12) 13 (N/R)
Exc = exercise group; SC = standard care group; N/R = not reported.
TABLE 4: Description of the interventions and standard care for the seven studies.
Resistance  
exercise  
programme
Week 1 Weeks 2–6 Weeks 7–12 Weekly  
interval and 
duration
Additional  
training
Weeks 1–12
Weekly interval 
and duration
Standard care
Cucuzzo et al. 
2001
PRE 1–2 sets at low 
volume
50% of 3RM  
(4–10 reps)
70–85% of 3RM 
(8-15 reps)
3x/week for  
60 min
General  
conditioning
3x/week for  
60 min
Scar management; wound 
care
Suman et al. 
2001
PRE 50–60% of 3RM 70–75% of 3RM 
(4–10 reps)
80–85% of 3RM 
(8–12 reps)
Not specified Treadmill and  
cycle ergometer
3x/week for  
20–40 min
Physiotherapy without 
exercise
Przkora et al. 
2007
PRE 50–60% of 3RM 70–75% of 3RM 
(4–10 reps)
80–85% of 3RM 
(8–12 reps)
Not specified Treadmill and  
cycle ergometer
5x/week for  
20–40 min
ROM exercise; scar 
management; splinting; 
positioning
Suman & 
Herndon 2007
PRE 50–60% of 3RM 70–75% of 3RM 
(4–10 reps)
80–85% of 3RM 
(8–12 reps)
3x/week Treadmill and  
cycle ergometer
3x/week for  
20–40 min
Physiotherapy without 
exercise
Al-Mousawi 
et al. 2010
PRE 50–60% of 3RM 70–75% of 3RM 
(4–10 reps)
80–85% of 3RM 
(8–12 reps)
Not specified Treadmill and  
cycle ergometer
3x/week for  
30 min
ROM exercise; scar 
management; splinting; 
positioning
Ebid et al. 
2014
Isokinetic  
exercises
50% of average 
peak torque  
(initial dose); 1–5 
sets (10 reps/set)
6 sets (10 reps 
per set)
10 sets (10 reps per 
set)
3x/week Home-based 
physiotherapy
Not specified ROM exercise; scar 
management; splinting; 
positioning; daily walking
Hardee et al. 
2014
PRE Training of 
technique
50–60% of 3RM 80–85% of 3RM 
(8–12 reps)
Not specified Treadmill and cycle 
ergometer
3–5x/week for 
20–40 min
ROM exercise; scar 
management; splinting; 
positioning
PRE = progressive resistance exercises; ROM = range of movement; 3RM = 3 repetition maximum.
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Effect of a resistance exercise programme on 
muscle strength and LBM in children and 
adolescents with burns
Two studies could not be included in the meta-analysis 
because Cucuzzo et al. (2001) and Hardee et al. (2014) did 
not report the post-intervention point and variability 
measures (mean and SD) of muscle strength and LBM, 
respectively, and the authors did not respond to email 
communication.
Muscle strength
Hardee et al. (2014) reported an insignificant mean difference 
in muscle strength between the exercise and standard care 
groups post-intervention (p = 0.08). Cucuzzo et al. (2001) and 
Ebid et al. (2014) reported significant within-group mean 
differences for both the exercise and standard care groups. 
Three studies (Al-Mousawi et al. 2010; Suman et al. 
2001; Suman & Herndon 2007) have shown significant 
within-group mean differences for the exercise groups only 
(p <0.05).
The comparable data (means and SD) for the outcome 
muscle strength were combined from five studies (Al-
Mousawi et al. 2010; Ebid et al. 2014; Przkora et al. 2007; 
Suman et al. 2001; Suman & Herndon 2007) and the meta-
analysis revealed that there is no clinically significant 
difference between the exercise and standard care groups 
after 3 months of individualised supervised resistance 
strength training (p = 0.43). Heterogeneity in the summary 
effect of the combined studies was significantly (p = 0.001) 
high (78%) (Figure 2). This could be because of clinical 
differences between the studies in terms of the type of 
resistance training and the time interval post-burn injury 
when the intervention commenced. Ebid et al. (2014) 
included isokinetic resistance exercises and commenced 
with the intervention 1 month post-burn, whereas the other 
four studies implemented PREs as the intervention and 
commenced 6 months post-burn injury (Al-Mousawi et al. 
2010; Przkora et al. 2007; Suman et al. 2001; Suman & Herndon 
2007).
Methodological differences between the studies could also 
explain the high level of heterogeneity since Ebid et al. (2014) 
scored 9 and the other four studies (Al-Mousawi et al. 2010; 
Przkora et al. 2007; Suman et al. 2001; Suman & Herndon 
2007) scored between 4 and 6 out of 11 on the PEDro scale. 
Furthermore, Ebid et al. (2014), whose study had the greatest 
weighted percentage effect on the summary estimate, could 
also be seen as an outlier, thus increasing the heterogeneity. 
Therefore Ebid et al. (2014) and the other four studies (Al-
Mousawi et al. 2010; Przkora et al. 2007; Suman et al. 2001; 
Suman & Herndon 2007) were analysed separately and the 
forest plots are presented in Figures 3 and 4.
The estimated treatment effect of isokinetic strength training 
showed a significant clinical effect (p <0.00001) favouring 
the exercise group compared to standard care alone. 
Although the combined effect of the studies implementing 
PRE indicated no heterogeneity between the studies, the 
summary estimate of the average effect of PRE on muscle 
strength revealed that there is no clinically significant 
difference between the exercise and the standard care groups 
(p = 0.94).
Suman and Herndon (2007) also reported a significant 
increase in mean percentage change for muscle strength in 
both the exercise (17.9%) and standard care (7.2%) groups 
at 1 year post-burn; however, neither increase were 
significant.
Source: RevMan©, Cochrane Version 5.3
FIGURE 2: A forest plot to show the summary estimate of the average effect of resistance strengthening exercises on muscle strength at 3 months post-intervention.
Exercise
Study or Subgroup
AI-Mousawi et al. 2010
Ebid et al. 2014
Przkora et al. 2007
Suman et al. 2001
Suman & Herndon 2007
52.3
79.25
45.7
39.4
40.8 27.2
31.8
46.6
0.93
39.9 11
11
11 49.2
33.6
36.4
51.88
63.9 43.1
1.31
29.2
26
27.9 8
16
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10 14.0%
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16.1%
22.1%
18.9%
-11.60 [-47.23, 24.03]
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-8.40 [-33.54, 16.74]
7.50 [-11.01, 26.01]
-50 -25 0 25 50
Favours [Exercise]Favours [Standard care]
100.0%Total (95% CI)
Heterogeneity: Tau2 = 307.74; Chi2 = 18.50, df = 4 (P = 0.0010); I2 = 78% 
Test for overall effect: Z = 0.79 (P = 0.43)
6868
16
19
Mean SD Total Mean SD Total Weight
Mean Difference
IV, Random, 95% CI
Mean Difference
IV, Random, 95% CI
Standard care
Source: RevMan© Cochrane Version 5.3
FIGURE 3: A forest plot to show the estimate of the effect of isokinetic training on muscle strength at 3 months post-intervention.
Isokinetic
Study or Subgroup Mean SD Total Mean SD Total Weight
Mean Difference
IV, Random, 95% CI
Mean Difference
IV, Random, 95% CI
Standard care
-50 -25 0 25 50
Favours [Isokinec]Favours [Standard care]
Heterogeneity: Not applicable
Test for overall effect: Z = 72.03 (P<0.00001)
Ebid et al. 2014 79.25 0.93 16
16
51.88 1.31 19
19
100.0%
100.0%
27.37 [26.63, 28.11] 
27.37 [26.63, 28.11] Total (95% CI)
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Lean body mass
Four of the five studies(Al-Mousawi et al. 2010; Hardee 
et al. 2014; Suman et al. 2001; Suman & Herndon 2007) 
reported significant within-group mean differences for the 
exercise groups only (p <0.05). Similarly, a meta-analysis of 
the comparable LBM data from four studies (Al-Mousawi 
et al. 2010; Przkora et al. 2007; Suman et al. 2001; Suman & 
Herndon 2007) revealed that there is no clinically significant 
difference in LBM between the exercise and standard 
care groups after the 3-month intervention (p = 0.60). 
The heterogeneity was 0% indicating that the studies were 
homogenous with their confidence interval overlapping 
(Figure 5). Both Suman and Herndon (2007) and Hardee 
et al. (2014) reported significant increases in mean 
percentage change at 1 year post-burn in the exercise 
groups only (p <0.05).
Discussion
This systematic review analysed the effect of a 12-week 
resistance strengthening exercise programme in addition to 
standard care compared to standard care alone, when 
managing children or adolescents with burns. The meta-
analysis indicated no added benefit for muscle strength and 
LBM because of strength training when the intervention is 
implemented within 1–6 months post-injury.
The lack of a clinical difference in muscle strength post-
intervention between the exercise and standard care groups 
could be because of the difference in baseline muscle strength 
values between the two groups (Table 2). The two studies 
(Ebid et al. 2014; Przkora et al. 2007) with comparable muscle 
strength at baseline show a clinical difference favouring the 
exercise groups; however, the two studies (Al-Mousawi et al. 
2010; Suman & Herndon 2007) favouring the standard care 
group post-intervention also had stronger participants at 
baseline.
Although for LBM the groups were comparable at baseline, 
the summary effect of the intervention still showed no 
difference between the exercise and standard care groups 
following an individualised and supervised resistance 
strengthening exercise programme. Because the two studies 
assessed the long-term effects of the strengthening exercise 
programme on LBM and found persistent significant 
increases in LBM after cessation of the intervention, it could 
be that the treatment effect only becomes apparent in the 
long run and that longer follow-up periods need to be 
explored in future research. Furthermore, Ebid et al. (2012) 
conducted a trial among adults and reported a significant 
improvement in muscle strength and LBM for long-term 
burn patients and comparable non-injured adults following 
the same isokinetic training programme. This supports the 
potential benefit for long-term patients and implies that burn 
patients respond in the same way as non-injured controls 
(Ebid et al. 2012).
Small sample sizes and poor methodological quality (low 
PEDro scores) could also contribute to the inconclusive 
evidence that resistance strengthening exercises post-burn 
is effective in improving muscle strength and LBM. Blinding 
of subjects and therapists is challenging, as participation in 
the 12-week exercise programme compared to the standard 
care group would be evident. However, blinding of the 
assessors, concealed allocation and reporting measures of 
variability are possible, thus limiting the measurement bias. 
Source: RevMan© Cochrane Version 5.3
FIGURE 4: A forest plot to show the summary estimate of the average effect of progressive resistance exercise (PRE) on muscle strength at 3 months post-intervention.
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Source: RevMan© Cochrane Version 5.3
FIGURE 5: A forest plot to show the summary estimate of the average effect of strengthening exercises on LBM at 3 months post-intervention.
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Including both children and adolescents in one group could 
also have influenced the results. A review by Schranz, 
Tomkinson and Olds (2013) found that age (as defined as 
younger and older than 12 years) has a significant effect on 
muscle strength following a resistance exercise 
strengthening programme, where the older adolescent 
responded more favourably to the intervention compared 
to the younger child. Future studies should investigate 
resistance strength training in children separately from 
adolescents.
Nevertheless, individual studies have reported significant 
within-group improvement in either or both LBM and 
muscle strength post-intervention, indicating that a 
resistance strengthening exercise programme could 
potentially be beneficial for children and adolescents with 
burns in improving LBM and muscle strength. Improvement 
in muscle strength is attributed to increased amounts of 
newly acquired actin and myosin proteins in the muscular 
contractile apparatus and an increased amount of 
contractile protein causes muscle hypertrophy, thus also 
leading to an increased total LBM. Although it appears that 
there is some merit in implementing supervised 
individualised isokinetic strength training for children and 
adolescents with burns 1 month post-burn injury, only one 
study by Ebid et al. (2014) implemented this strategy; thus, 
it remains inconclusive and more similar studies are 
required. Improved LBM and muscle strength might 
contribute to better quality of life and functional abilities, 
enabling children and adolescents to successfully 
reintegrate into their communities.
Future studies should focus on improving the 
methodological quality of the studies to confirm the 
treatment effect of a resistance strengthening exercise 
programme on muscle strength and LBM. Only one study 
(Ebid et al. 2012) was not conducted in the United States, 
and the other six studies were implemented at the same 
institution. This increases selection bias as only participants 
within a particular geographical area could potentially 
participant in these studies. Therefore, future research 
should be implemented internationally to be able to 
generalise findings and apply them globally to children and 
adolescents. Studies should lengthen the time period for 
data collection post-intervention to obtain an indication of 
the long-term effects of a resistance strengthening exercise 
programme on muscle strength and LBM.
Conclusion
This review concludes that, at present, there is no substantial 
evidence to support the added benefit of a resistance 
strengthening exercise programme for children and 
adolescents with burns in terms of muscle strength and 
LBM. Because no deterioration of participants’ muscle 
strength and LBM was reported post-intervention, it 
appears that there is some merit in implementing supervised 
individualised isokinetic strength training for children and 
adolescents with burns; however, future research should 
pursue further investigation into the effectiveness of a 
resistance strengthening exercise programme on muscle 
strength and LBM.
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